The results of the development and experimental investigation of a polymeric hollow fibre heat exchanger are presented. A heat exchanger of a shell-and-tube type with an outer diameter of 80mm and a length of 350mm containing 2200 206mm-long polyamide hollow fibres with an outer diameter of 0.8mm cross-wound at an angle to the axis of the heat exchanger. Cross-winding was realized with the help of the modified winding system X-Winder. Cold water with a temperature of 13°C and a constant flow rate of 2160l/h was fed through the hollow fibres. The dependences of heat transfer characteristics on the shell fluid temperature and fluid flow rate are presented. The device was able to transfer 38kW at a shell water temperature of 70°C and a shell fluid flow rate of 800l/h. In these conditions, the maximum overall heat transfer coefficient reaches 1950W/m²K.
Introduction
Despite all the advantages of metal heat exchangers, there are areas of application where due to a number of restrictions (weight, aggressive environment, impossibility of shaping, etc.) metal heat exchangers cannot be used. In these cases, a large role is played by heat exchangers made from non-metallic materials and in particular by polymeric heat exchangers.
Polymeric hollow fibre heat exchangers (PHFHE) are a relatively new type of polymeric heat exchanger [1] . This heat exchanger utilizes polymeric microchannels as the heat transfer surface. The outer diameter of these microchannels is less than 1mm and has a wall thickness of about 0.1mm. The heat exchanger is made of thousands of such fibres. Despite the low thermal conductivity of polymeric materials [2] , a thin wall and a large heat transfer area comparing with heat exchanger dimensions leads to a good thermal performance of the PHFHEs.
Due to the corrosive-resistant features, polymeric heat exchangers can be used in aggressive media, for example in the chemical industry. Jia et al. [3] presented an experimental study on the heat transfer performance of wet flue gas heat recovery system using a plastic longitudinal spiral plate heat exchanger. PHFHE can be also used for solving water desalination problems [4] , [5] .
It should be noted that the production of polymeric heat exchangers uses much less energy than the production of metal ones. The other significant advantages of plastic heat exchangers are their low weight, smooth surface, simplicity of shaping and producing, and resistance to fouling.
All these features allow PHFHE to compete on an equal footing with metal heat exchangers. PHFHE can be applied in such fields as heat recovery systems [6] , evaporative cooling systems, desiccant cooling systems, and electronic device cooling [7] , [8] . Also, PHFHEs with a membrane polymeric hollow fibers can be applied for filtration processes, chemical separation or medical treatment [9] [10] [11] . Most commercially available polymer heat exchangers can be used in low temperature applications.
Experimental Section
A hollow fibre heat exchanger of the shell-and-tube type was tested in the framework of this paper. The PHFHE was wound with the help of the modified winding system X-Winder. The heat exchanger consists of 2200 206mm-long polyamide hollow fibres with an outer diameter of 0.8mm, which were cross-wound at an angle of 22.5° to the axis of the heat exchanger. The inner structure of the PHFHE is shown in Fig. 1 .
HTFF 143-2 A heat exchanger shell was made of glass fibre and was wound in several layers directly onto polymer hollow fibres. The outer diameter of the heat exchanger shell was 80mm, and the length was 350mm. Side flanges made of glass fibre had two holes for water input and output. A general view of the device is presented in Fig. 2 . Despite the relative compactness of the device, the heat transfer area of the PHFHE was 1.14m². During the test, temperatures at the inlet and outlet of the heat exchanger shell, as well as at the inlet and outlet of the fibres, were measured. Pt100 resistance thermometers installed inside the water inlet and outlet channels were used, which makes it possible to achieve a measurement error of +/-0.1°C. The general view of the experimental setup is shown in Fig. 3 , where 1 is the heat exchanger itself, 2 the inlet and outlet of hot water into the heat exchanger shell, 3 is the inlet of cold water that flows inside the fibres, and 4 is the outlet of cold water that flows inside the fibres. 
Results and Discussion
A differential manometer, marked in Fig. 3 as number 5, was used to measure the pressure drop inside the heat exchanger shell. The dependence of the pressure drop inside the heat exchanger on the shell fluid flow rate is shown in Fig. 4 . It can be seen that the pressure drop is almost uninfluenced by the temperature of the liquid inside the fibres and reaches a value of 0.5bar at a maximum shell fluid flow rate of 800l/h. This is an acceptable value for shell-and-tube heat exchangers. It should be noted that inside the shell of the PHFHE tested there are a large amount of fibres. When the modified winding system X-Winder is used the number of fibres inside the heat exchanger can easily be decreased to achieve the optimal number for each application. Fig. 6 shows the dependence of the PHFHE overall heat transfer coefficient on the shell fluid flow rate. It can be seen that heat transfer coefficients do not depend on water temperature and reach a maximum value of 1950W/m²K at a maximum shell fluid flow rate of 800l/h. This is a relatively high value. Hollow fibres crossing inside the shell lead to better shell fluid intermixing and allow us to achieve high heat transfer coefficients on the outer surface of hollow fibres. 
Conclusion
The polymeric hollow fibre heat exchanger of a shell-and-tube type produced by winding technology was tested. PHFHE PHFHE had an outer diameter of 80mm and a length of 350mm. At relative compactness, the PHFHE has a large heat transfer transfer area of 1.14m² that leads to a high heat transfer performance.
Tests were carried out at a cold-water flow inside hollow fibres with a temperature of 13°C and a constant flow rate of 2160l/h. From the outer surface, in the heat exchanger shell, hot water with temperatures of 50°C and 70°C was used and its flow rate varied from 390l/h to 800l/h with a step of 200l/h. The PHFHE showed good thermal performance. The device was able to transfer 38kW at a shell water temperature of 70°C and a shell fluid flow rate of 800l/h. In these conditions, the maximum overall heat transfer coefficient reaches 1950W/m²K.
